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FUTURE POLICY 


At the last meeting of the Board of the Journal some 
important propositions were put forward concerning the 
future conduct of the Journal. The idea behind these sugges- 
tions was to heighten its authority and to widen its 
circulation. It was decided to carry out these proposals at 
once, and this is being done. Nevertheless time must 
necessarily elapse before the result becomes obvious. This 
result we hope to be able to announce in our next issue. The 
most important proposition was to solicit the co-operation ot 
the Heads of the Departments of Anesthesia in several 
universities and schools of medicine in Great Britain. They 
are being asked to become members of the Board of the 
Journal. 








CURARE 


By REGINALD E. PLEASANCE, M.D., D.A. 
Lecturer in Anesthetics, The University of Sheffield 


Presidential Address to the Society of Sheffield Anzsthetists 
January 15th, 1948 


E are a comparatively new Society, and this is the first 

Presidential Address since our formation three years 
ago. I feel, therefore, that the address on an occasion such as 
this, should, if possible, be of general interest to you all. The 
subject that naturally came to my mind was that of Curare, 
for it is of interest to anesthetist, surgeon, and physician. 


History 

So far as the history of this drug called curare is concerned, 
our earliest record goes back as far as the times of Queen 
Elizabeth. We are told that Sir Walter Raleigh, in 1584, 
brought back a specimen, then known as wourali, from the 
Orinoco basin, when he visited British Guiana. 

On May 16th, 1859, William A. Hammond, an assistant 
surgeon in the United States Army, and S. Weir Mitchell, at 
that time lecturer in physiology in the Philadelphia Medical 
Association, read a paper before the Academy of Natural 
Sciences in which they gave a comprehensive review of the 
published material concerning wourali. 

They mentioned, that in 1745, De la Condimine, a French 
investigator, was probably the first reliable physiological 
experimenter with the drug. He killed chickens with wourali, 
and used salt and sugar as an antidote, with, so it is said, some 
success. 

In 1781, Fontana, a curator of an Italian museum, found 
that inhaling the vapours arising during the extraction process 
was not harmful. 

Sir Benjamin Brodie, an English surgeon and scientist, in 
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1811, observed that the drug affected the respiration 
primarily, and that the heart continued to beat for some time 
after respiratory failure. He also made the shrewd observation 
that it was essential to have an intact circulation in order that 
the drug might produce its effect. 

Charles Waterton, a traveller of Lancashire origin, 
discovered the poison in his journey to the wilds of Demerara, 
in 1812. He wrote a book in which he describes the effects of 
the poison on various animals. 

About 1830 there was considerable investigation and 
clinical experience of the drug curare. 

Sir Robert Schomburgh, an English naturalist, maintained 
that the source of the wourali was chiefly from the bark of a 
plant called Strychnos Toxifera. 

In 1828 two French physicians, Roulin and Boussingault, 
concluded that wourali was independent of the action of 
strychnia. They isolated an active principle which they called 
curarine. 

In 1859 Sir Spencer Wells used curare for three cases of 
tetanus. 

Herman Beigel, physician to the Metropolitan Free 
Hospital in London in 1868, wrote that he was in possession 
of some notes of a Dr. Francis Sibson. The latter, an English 
investigator, had been given some urari by Charles Waterton. 
In experiments performed at Nottingham by these two 
investigators it was demonstrated that the animals could be 
revived by means of artificial respiration. 

Sibson, in 1839, made various experiments which were 
later confirmed by Claude Bernard. 

In 1855, Dr. Cogswell, an English scientist, discussed the 
different names applied to curare extracts, and came to the 
conclusion that wourali or curari was not the most represent- 
ative name. Itis of interest to anesthetists that this discussion 
took place at a meeting of the Physiological Society of 
London, and the President was Dr. John Snow, the first 
specialist anesthetist in England. 

Snow himself stated that he had experimented with wourali 
and that it had no anesthetic effect even up to the moment of 
death. 
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This has recently been confirmed by Scott Smith, in a 
personal experiment in which he allowed his colleagues to give 
him curare in doses sufficient to produce respiratory paralysis. 

In 1844 Claude Bernard and his associate Pelouze made 
the first demonstrations on the physiological effects of curare. 
They were able to show that the motor nerves were paralysed. 
Virchow and Munter, the German investigators, went 
further, and found that caurare induced a paralysis of 
voluntary muscle, and concluded that death was due to 
respiratory paralysis. 

In 1868 two French physicians, Tiercelin and Benedict, 
used curare clinically for the first time, when they attempted 
to allay and prevent the convulsions of epilepsy in human 
beings. The experiments ceased for lack of supplies of the 
drug. 

In 1878 H. Hunter, an English physician, in a book on 
British Guiana, described the treatment of spasticity and 
hydrophobia by means of curare. 

Ranyard West, also an English physician, made use of 
curare in the treatment of spastic disorders, such as Parkin- 
son’s disease, parathyroid tetany, epilepsy, and hemiplegia ; 
also for the treatment of hypertension. 

In 1935 Harold King gave the name d-tubocurarine to an 
alkaloid isolated from the tube curare, but little was known 
until 1938, when Richard Gill brought back to the United 
States of America various samples of the raw material, and a 
variety of plants. Professor McIntyre of the University of 
Nebraska, together with the firm of ‘‘ Squibbs’’, prepared 
an extract of standard potency which they called 
“‘ Intocostrin ’’. 

The first to use curare in this country were Cole in 1934; 
Mitchell in 1935; Ranyard West in 1936; and Florey in 1937; 
all of whom used it for the treatment of tetanus. 

In 1940 Bennett, of Nebraska, described the use of curare 
to prevent trauma in convulsive therapy. 

The first time the drug was used for anesthesia was in 
January 1942 by Griffith at Montreal. It is of interest to us 
these days to note that up to April 1945 he had only used 
intocostrin in 300 cases. 
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Pharmacology 

The chief action of curare is the arrest of all voluntary 
movement through an interruption of the connections between 
the peripheral nerves and the striated muscle fibres. 

In the mammal the muscles give way, one after the other, 
until the animal lies helpless on the ground. Respiratory 
movements are slow, weak, and jerky. Eventually these 
cease altogether and asphyxia results. There are no convul- 
sions, owing to the motor impulses being unable to reach the 
muscles. 

In the frog the same symptoms are seen but, as the skin can 
carry on an exchange of gases, recovery may occur, even if 
the paralysis has lasted for four or five days. 

Claude Bernard and his co-worker, K6éliker, demonstrated 
the cause of curare paralysis in a classical experiment. 

The sciatic nerve of a frog, stimulated during the paralysis, 
caused no movement. If, however, the artery of one leg was 
ligatured before the application of the curare, that limb 
remained unparalysed whilst the rest of the body was motion- 
less. 

So we can only conclude that the paralysis is peripheral and 
not central, and may be due to action either on the muscle, 
the nerve trunk, or the intermediate structures. 

Direct stimulation of the muscle still caused movement, and 
the same applied if the nerve was stimulated. 

Curare therefore acts on the connection between the nerve 
and muscle, within the muscle itself, and paralyses it without 
previous stimulation. 

The very names of the preparations from which the extracts 
are prepared is sufficient to show the uncertainty of our 
knowledge as to the exact nature of the drug. There are three 
main sources : 

1. Tube curare, in which the crude preparation is packed 
in bamboo tubes. 

2. Calabash curare, contained in gourds. 

3. Pot curare, contained in earthenware pots. 


So far as anesthesia is concerned the crystalline extract, 
d-tubocurarine chloride is the most active curarizing agent. 
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Although the term is a convenient one to use, the term curare, 
used when referring to a preparation employed to block the 
neuromuscular conduction, is incorrect. 

The active alkaloid, d-tubocurarine chloride, has 
practically no other action than the property of paralysing 
skeletal muscle by blocking conduction at the myoneural 
junction. 

Two preparations are made use of clinically. Intocostrin, 
a purified extract prepared from the South American liane 
Chondrodendron Tomentosum, where the active principle 
is d-tubocurarine chloride, and the pure d-tubocurarine 
chloride, prepared by Burroughs Welcome & Co. The two 
preparations vary considerably in their effect, as the method 
of standardizing is different in each case. 

Intocostrin is standardized in units of a standard prepara- 
tion of curare (0.02 gm. per ml.) and not by its content of 
d-tubocurarine chloride. d-Tubocurarine chloride is stabilised 
as a solution containing 10 mg. per ml. For practical purposes 
it is put up in ampoules in which 1.5 cc. contain 15 mg. of the 
drug. 

In practice at least twice the amount of intocostrin is 
required as compared with d-tubocurarine chloride. A fact 
which has led to some confusion when trying to compare 
articles in which the investigators have varied their use of 
these two preparations. 

d-Tubocurarine belongs to the group of compounds known 
as quaternary ammonium salts, which, in general, exhibit 
the property of paralysing neuromuscular conduction at the 
myoneural junction. 

The action of these two preparations is capable of being 
reversed by prostigmine and eserine. The dose of prostigmine 
recommended is 1.0 to 2.0 mg. Personally I have found that 
this dosage is on the low side. It should be noted, in passing, 
that when prostigmine is given it is also necessary to give 
atropine to prevent the stimulating action of the former on 
the parasympathetic system. 

It has been noted since 1914 that ether has a curariform 
action. In 1943 Gross and Cullen confirmed this in experi- 
ments on dogs. When curare is combined with ether 
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anesthesia the dose of the curarizing agent used must be 
reduced by at least a half to one-third. 


Physiology 

Curare has no action if given by the mouth, owing to its 
detoxication by the liver. To produce the required effects, 
therefore, it must be injected either subcutaneously or 
intravenously. In the former case it takes from 15 to 20 
minutes to act. In the latter from 3 to 5 minutes. 

Once in the circulation part of the drug is changed in the 
liver, but the remainder is excreted unchanged, by the 
kidneys. The metabolism takes place rapidly and the urine 
obtained 1 hour after the injection of 30 mg. of d-tubocurarine 
is capable of a curarizing action. 

It is of interest to note that, as is the case with pentothal, if 
the injection is given slowly the required effect is sometimes 
incomplete. Curare given slowly produces an incomplete 
paralysis of the voluntary muscles. The Medical Research 
Council recommend that not more than Io to 15 mg. be 
injected at once. Grey and Halton go a stage further, and 
recommend the administration of fractional doses, in order to 
eliminate the danger of an idiosyncrasy to the drug. They 
suggest a preliminary dose of 5 mg. 

Owing to its rapid elimination or destruction, the drug can 
only exert its paralysing effect for a relatively brief period, 
when used clinically. 

The muscles are affected in the following order : 

Those supplied by the cranial nerves are affected first— 
face and neck, limbs, back, abdomen, intercostals, and finally 
the diaphragm. Although according to Cushney the order is 
first the toes, ears, eyes, later the limbs, head and neck, and 
finally the muscles of respiration. 

The effect on the eye muscles is to be seen as early as I 
minute after the intravenous injection of the drug. The peak 
of curarization is reached after 3 to 5 minutes. 

Recovery of the muscle function occurs in the reverse order 
to that in which it is lost. After therapeutic doses the limbs 
can be moved in from 30 to 45 minutes, but the paralysis of 
the ocular muscles may last for several hours: 
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It is thought that the curare produces its curarizing effect by 
preventing the action of the acetylcholine on the receptor 
substance of the muscle. 


The Effect of Curare on the Nervous System 

Curare depresses the laryngeal and bronchial reflexes, and 
hence can be used to prevent spasm if, and when, it occurs. 

Here again we have somewhat contradictory statements by 
observers. Some state that curare causes bronchospasm, due 
to a histamine effect on the bronchi. This probably cannot be 
excluded but it is most likely to occur if the patient is too 
lightly anesthetized or conscious, or if a small dose of curare 
has been given. The treatment is to administer more curare 
or intravenous pentothal sodium. 

Has curare any effect on the smooth muscle of the intestine ? 
Again accounts vary. Gross and Cullen, in experiments on 
dogs, stated that d-tubocurarine chloride relaxes this 
muscle. 

In patients, one has to remember, however, that in addi- 
tion to curare we have premedication plus some form of 
anesthesia. The apparent contraction of the gut has been 
explained by the undue relaxation of the voluntary muscles 
allowing the intestine to appear more prominent. 

Of some importance, too, is the effect on the cardiovascular 
system. What effect has curare? In man, given in clinical 
doses, there appears to be little or no effect. Although accord- 
ing to some observers there is a lethal dose of curare, even 
under controlled respiration, which affects the cardiovascular 
system, and causes a fall of blood pressure. 

The question as to whether curare has any analgesic or 
anesthetic effect has been tested in the following courageous 
manner by Scott Smith. This observer allowed his colleague 
to give him 75 mg. of d-tubocurarine in a space of 45 minutes, 
a dose two and a half times that required to produce complete 
respiratory paralysis. Controlled respiration was employed. 

The blood pressure and pulse rate showed no change. He 
suffered from a sense of choking and shortness of breath, but 
there was no loss of consciousness, or sensation. 

Any claims that curare produces either analgesia or 
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anesthesia must have been due to the effects of anoxia causing 
unconsciousness. 

Grey and Gregory have shown by means of the electro- 
cardiograph that clinical doses of curare cause no change in 
the reading of the electrocardiogram. 

Finally it should be remembered that intocostrin and 
d-tubocurarine cause salivation. Hence atropine should be 
given as a routine premedication. 


Respiration 

Since the advent of curare respiration, although always of 
primary importance in anesthesia, has become even more so. 
Of all the signs of anesthesia the respiration has always been 
consistent. 

Three groups of muscles take part in respiration: the 
diaphragm, the intercostals, and the accessory muscles. In 
light anesthesia only the first two groups take part, unless 
there is obstruction. 

In deep anesthesia of the third plane of the third stage, 
intercostal activity diminishes progressively and lags behind 
diaphragmatic. In the fourth plane of this stage, the inter- 
costals are paralysed and the respiration is wholly 
diaphragmatic. Hence deep anesthesia cannot be obtained 
without the production, more or less, of intercostal paralysis, 
and hence reduction in the minute-volume of respiration. 

Early in respiration the anesthetist should attempt to 
estimate the tidal volume of the respiration, that is to say, the 
volume of air taken into and exhaled from the lungs at each 
quiet, unhurried, and unobstructed respiration. 

In the average adult it averages 400 cc. This will be shown 
by the respiratory movements and the breathing bag of the 
anesthetic apparatus. If this tidal volume declines materially 
one of three things must be done. First, the anesthesia must 
be lightened until an adequate respiratory excursion is 
restored; or the mixture must be enriched with oxygen; or 
manual control must be exercised over the respiration. 

If the oxygen is deficient there is usually cyanosis of some 
degree or other. It is only visible, however, if the arterial 
blood contains at least 5 g. of reduced hemoglobin per 100 
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mm. In anemic subjects this does not show, and may lead to 
death from anoxia. 

In febrile or thyrotoxic subjects the intake of oxygen suffi- 
cient to oxygenate the blood is insufficient for the abnormal 
high metabolic needs. 

Hence, although cyanosis should always be regarded as a 
danger signal, its absence is not always a guarantee of 
safety. 

One has to look to the respiratory, circulatory and 
muscular signs of lack of oxygen, as well as to the colour of 
the blood. 

Respiratory function is twofold: elimination of carbon 
dioxide as well as oxygen intake. When conscious this is 
easily maintained, but when the patient is unconscious this is 
not so. The addition of oxygen will help, but without a 
reasonable minute-volume carbon dioxide will not be 
adequately ventilated away from the lungs, and its tension in 
the blood will rise. The respiratory centre will be under 
continual stimulation, which may end in fatigue, or may 
carry the patient through. Once the stimulus of the anes- 
thetic is withdrawn, however, we have collapse, as is seen in 
“‘cyclopropane shock ’’. 

The same mechanism is most probably operative in 
curare. 

An abundant supply of oxygen must be given, and the 
anesthetist must be ready to aid or control respiration. 

Let us consider what is meant by “‘ controlled ’’ respiration. 
A patient has been premedicated and anesthetized. Both 
premedicant and anesthetic affect the respiratory centre, 
reducing its sensitivity to carbon dioxide in the blood. The 
tension of this gas therefore must rise, so that the centre may 
be kept at normal activity. In other words a new threshold 
must be established for the arterial carbon dioxide. The 
respiration becomes slow, shallow, and even periodic or 
irregular, so that enough carbon dioxide may be accumulated 
in the blood to reach the new threshold and stimulate the 
respiratory centre to activity. 

If the respiration is prevented from becoming shallow by 
manual compression of the breathing bag of the soda-lime 
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absorption apparatus at the rate and amplitude which stimu- 
late the normal respiratory exchange the carbon dioxide 
tension of the blood will be prevented from rising. A state of 
relative acapnia is produced. The carbon dioxide tension 
remains below the new threshold and spontaneous respiration 
ceases. It will not return so long as the manual compression 
of the bag is continued. The normal minute-volume ot 
respiration being maintained by artificial means, the 
oxygenation of the blood will remain unimpaired despite the 
absence of spontaneous breathing. 

The establishment of ‘‘control ’’ is easy therefore. It is the 
subsequent maintenance of “‘ control ’’ that is difficult. The 
lungs must not be hyperventilated lest too much carbon 
dioxide is washed out. 

If compression of the bag is stopped, spontaneous respira- 
tion should occur fairly soon, and before signs of anoxia. 

One must be careful during this not to force an overdose of 
the anesthetic agent on the patient. The signs of anzsthesia 
must be carefully watched and adequate oxygen given. 

Therefore ‘‘ controlled ’’ respiration does not mean merely 
the cessation of respiration due to an anesthetic overdose and 
the maintenance of life by artificial respiration. 

It can be a very valuable procedure where curare has been 
given. 


Technique 

The tubocurarine must be sterilised. This difficulty has been 
overcome since the standard preparations have become avail- 
able. Premedication is essential. I prefer Morphine gr. 1/6th 
and Atrophine gr. 1/1ooth. A small dose of morphine is a 
wise precaution against any undue depression when the 
curare is administered. 

The anesthetic of choice is then administered, and the 
curare used, when needed, to produce adequate relaxation 
under light anesthesia. The time taken for this relaxation to 
develop is usually 3 to 3} minutes. Grey and Halton describe 
three forms or methods of technique for curare : 


I. Single dose method. Useful for short operations, 
endoscopies, oral, and anal. They recommend a mixture 
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of 15 mg. curare with 0.5 gm. pentothal, the injection being 
given fairly rapidly. 

The jaw becomes relaxed completely in from 2 to 3 
minutes. Breathing is shallow or absent, and there is no 
spasm when an airway or endotracheal tube is inserted. 
Anesthetic vapours are tolerated without coughing or 
respiratory irregularities. 

Bronchoscopy, cesophagoscopy, or sigmoidoscopy can 
be performed with ease, and recovery is fairly rapid. 

2. Intermittent injection of an intravenous barbiturate. 

The preliminary technique is as before, followed by small 
intermittent increments of the barbiturate and curare, 0.1 
gm. pentothal and 2.0 to 4.0 mg. curare are required. 

3. As an adjuvant to inhalation anesthesia. 

Fractional intermittent doses of 15 to 30 mg. curare are 
given to produce relaxation under light anesthesia. 


Adequate oxygenation is essential, preferably by the closed 
circuit method. The respiration must be ‘‘ aided ’’ by manual 
compression of the breathing bag. 


Personal Observations 

My personal experience with curare dates from a time at 
which there were no official preparations on the market. 
Thanks to a skilled dispenser preparations were standardized 
and sterilised for use containing 30 mg. in each ampoule. 

My first approach to the subject was to anzsthetize patients 
with pentothal gas oxygen and then inject curare until the 
surgeon declared the muscular relaxation to be perfect. 

At first the tendency was to use what I would now consider 
large doses of curare, that is tosay, from 15 to 25 mg. 

The next stage was to dilute the ampoule issued by 
Burroughs Wellcome & Co. making 5 c.c. in all, so that each 
I c.c. contained 3 mg. tubocurarine. The dosage was thus 
accurately controlled. 

My patients were anesthetized and either intubated or an 
airway inserted before the curare was administered. 

Finally I adopted the technique of light anesthesia under 
pentothal followed by curare, followed by any required 
anesthetic agent. 
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To date I have given well over 1,000 injections of curare 
and only seen trouble once, and that was not unexpected. 

For those who are not conversant with the action of curare 
I would recommend the following technique, which I used 
for some time: 

The patient is premedicated in the usual manner, pentothal 
sodium injected as an induction only, approximately Io c.c. 
or half a gramme. Followed by gas and oxygen, with suffi- 
cient trilene to establish regular breathing without a cough 
reflex. Either insert a pharyngeal airway or, preferably, an 
endotracheal tube by the blind or direct method. In the latter 
case pack the throat, using a pack moistened with water. 
Liquid paraffin packs have been used but are not without 
danger, as it is possible to cause pneumonia from the spread 
of oil to the alveoli. As soon as the patient has settled, with 
regular breathing and no straining, inject 6 mg. of curare 
slowly. The respiration becomes shallow in a very short space 
of time. If you have anesthetized the patient completely, that 
is to say, sufficient for surgical interference, the addition of 
even 6.0 mg. may cause cessation of respiration. 

I find that it is the correct judgment as to the exact depth 
of anesthesia at the time of the injection of the curare which 
makes the addition of the latter a safe or unsafe procedure. 

Further small increments of curare can be given until 
relaxation is perfect from the surgeon’s point of view. 

If a very weak vapour of ether is added, that is to say, in 
the case of the Boyle’s apparatus, with the ether just turned 
on, 6.0 to g.0 mg. of curare will suffice for an abdominal 
operation. 

One sign of deep anesthesia, or shall I say adequate 
curarization, is what I call Harris’s sign, because T. A. B. 
Harris first pointed it out to me. Under a dose of curare 
producing marked curarizing effects a tracheal tug develops. 
As the effects of the curare wears off this tug disappears, 
indicating the need for further injection of curare. I do not 
like to produce this tracheal tug as it does not give so smooth 
an anesthetic effect for the surgeon. 

As soon as the peritoneum is closed the anesthetic can be 
changed to gas and oxygen. 
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Personally I give 33} per cent oxygen with 663 per cent 
nitrous oxide, with all my curarized patients. This ensures 
adequate oxygenation, but even then it is necessary to aid 
respiration, as this tends to become very shallow, by manual 
compression of the breathing bag. 

I think that it must be emphasized that even if a patient 
is apparently a good colour under this form of anesthesia, 
the carbon dioxide tension in the alveoli may be five times 
the normal. For this reason it is probably preferable to employ 
the closed circuit technique for these cases. 

It must also be emphasized that to use curare to produce 
relaxation in a difficult patient is asking for trouble. Usually 
the patient who is resisting anesthesia is doing so because 
there is some obstruction to respiration. One has so often 
seen, in these cases, the diaphragm making strenuous, but 
ineffectual, efforts, to move up and down. The addition of 
curare will not remove this type of obstruction, and breathing, 
once it ceases, may be impossible to be renewed, before the 
failure of the patient’s circulation. 

Using this method for curare I have only experienced 
trouble once, and expected it, in a case similar to that just 
described. 

As it is instructive as to the kind of thing not to do I will 
describe what happened. The patient, a woman, for an 
abdominal operation, was resistant to pentothal gas oxygen 
anesthesia, so ether was cautiously added. Her respirations 
were not even. The diaphragm was making that pumping 
effort so distasteful to the surgeon, and trying to the anes- 
thetist. The peritoneum was opened and the intestines were 
still in the pelvis. I gave 1.0 mg. of curare. The respirations 
ceased with dramatic suddenness. Pressure on the bag pro- 
duced no results (there was no endotracheal tube, only a 
pharyngeal airway in place). After a further period, during 
which the veins became very congested and the pulse almost 
imperceptible, there was a slight movement of the diaphragm. 
After a further period of delay the colour gradually became 
normal. The subsequent anesthesia was uneventful. 

My present preference so far as technique is concerned is 
as follows : 
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The patient is premedicated with Morphine gr. 1/6th and 
Atropine gr. 1/ 100th. Induction is carried out with pentothal, 
6 c.c. being given rapidly. The respiration invariably ceases. 
A pause is made until the respiration is visible again. 
Pentothal is then injected until the respirations cease once 
more. This is usually preceded by an increase in the respirat- 
ory movements. The usual amount of pentothal to produce 
this is 16 c.c. in an adult, provided that the injection is given 
fairly rapidly. Before attempting to pass the endotracheal 
tube the lungs are gently inflated with oxygen, with the 
respiratory valve screwed down. 

The tube is passed by direct vision under pentothal alone. 
In a small percentage of cases the cords are closed with this 
dose of pentothal. A smart tap on the chest or a gentle attempt 
to pass the tube will sometimes cause the cords to open. If 
this is not succesful it is wiser to replace the mask and give gas 
and oxygen, with a little carbon dioxide, until respiration is 
established again, rather than run the risk of laryngeal spasm 
from repeated attempts. 

Once the tube is in position oxygen is given freely, followed 
by ogyxen 333 per cent, and nitrous oxide, 667 per cent. The 
throat is then packed with gauze. 

It is wiser, I feel sure, to wait until respirations show signs 
of recovery before giving the curare. I personally give 10 mg. 
rapidly. The respirations may or may not cease. On an aver- 
age if the respirations stop it is for a period of 5 to 10 minutes. 
Until spontaneous respiration occurs it must be aided by 
manual compression of the breathing bag. 

Once the movements of the breathing bag are visible I give 
the patient the smallest amount of ether possible by the 
Boyle’s apparatus. The resulting relaxation is perfect for 
abdominal operations, and usually lasts from 1 to 1} hours. 
The amount of ether used varies from } to 2 ounces. 

Should the relaxation begin to disappear, I prefer to add 
a little stronger ether vapour, rather than a further dose of 
curare. Asa result the patient is returned to bed with reflexes 
becoming fairly active. 

Curare is undoubtedly cumulative in its action and a 
further dose towards the end of an operation is, I am sure, 
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one of the causes of the trouble one so often reads about in 
the medical press. 

Dr. Eastwood, of the Royal Hospital, has kindly assisted 
me in taking records of blood pressure in these cases. The 
results appear to be consistent : 

A marked fall due to the pentothal injection, followed by a 
slight rise when the tube is passed through the cords. 

A further rise followed by the injection of the curare which 
does not last long, until the blood pressure becomes stationary 
at a little below the initial reading. 

After a period, which varies according to the type of 
operation, the blood pressure tends to fall. Within a few 
minutes of the addition of a trace of ether there is a rapid 
recovery to normal. 

The pulse does not vary very much, but signs of light 
anesthesia are shown by a rising pulse rate, and in some cases 
the stimuli from the operation may, in the presence of too 
light anesthesia, result in a pulse rate in the neighbourhood 
of 60 with a definite fall in blood pressure. This can also be 
controlled by the addition of a little ether. 


Signs of Anesthesia and Curarization 

One has to learn to be independent of the ordinary signs of 
anesthesia. The eye signs are sluggish or absent. The ordin- 
ary signs of respiration are also considerably modified, 
varying with the dose of curare given. 

One is left, therefore, with the pulse rate, the blood 
pressure, and any visible signs of respiration. 

An increase in the pulse rate, as already mentioned, is a 
sign of inadequate anesthesia. If allowed to pass unnoticed 
it may lead to severe shock. The same warning may be given 
in the case of an increase in the rate of respiration. 

The typical respiration of curarization is a pushing out of 
the lower part of the abdomen with each diaphragmatic 
contraction, accompanied with a tracheal tug. It is a sign for 
ensuring full ventilation of the lungs. 

A second valuable sign is the ease with which the lungs may 
be inflated on pressure of the breathing bag. 
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The colour remains excellent provided that adequate 
oxygenation plus aided respiration is made use of. 

The skin is usually normal in appearance without any signs 
of sweating. 

There is one practical point about which I would like to 
utter a word of warning: When attempting to pass an endo- 
tracheal tube in a patient who is not breathing it is sometimes 
a little difficult, if using a Magill’s laryngoscope, to be certain 
that the tube is between the cords. 

Pressure on the chest will sometimes give a clue by the 
pressure causing the air to pass from the lungs to the tube. 

Occasionally I have packed a throat, feeling fairly sure 
that the tube was in position. The colour remains good; there 
is no spasm of the larynx. The movements of the bag, how- 
ever, remain very slight or absent. If the pack is removed 
and the cords inspected by direct vision, it will be seen that 
the tube is not in the larynx. 

So long as one recognizes the condition in time all is well. 
In fact I feel that in cases such as these a Macintosh laryngo- 
scope is to be preferred. 


Recovery 
There is no evidence that curare has any latent toxicity. 


It is completely and fairly rapidly eliminated. 


Indictions for the use of Curare 

1. Toobtain relaxation in resistant subjects under light 
anesthesia. 

2. To obtain relaxation when light anesthesia is 
indicated in preference to deep anesthesia. 

3. To obtain relaxation with anesthetic agents which, 
by themselves, are not capable of producing this result; 
for example, gas and oxygen. 

4. To facilitate intubation and laryngoscopy. 

5. As a supplement to spinal or other regional block 
which is “‘ wearing ’’ off, in conjunction with inhalation 
anzthesia. 

6. To control convulsions or muscle spasm during 
anzsthesia. 

B 
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’ Contra-indications 

1. Take the muscular development rather than the 
body-weight into account when estimating the dose. 

2. Do not mix the drug with pentothal solutions when 
combining the two. A precipitate forms due to incompati- 
bility. 

3. Do not use intramuscularly. It is too slow in action 
for anzsthetic purposes. ; 

4. Be prepared to intubate the patient and do controlled 
or aided respiration. 

5. Prostigmine or eserine should be available to over- } 
come any overdose. 

6. If you wish to be cautious, administer the drug in 
fractional doses. 

7. Decrease the dose by § to } when using ether. 

8. If the dose is repeated do not give more than 4 to 4 | 
the original dose. A cumulative action can occur. 

9g. Do not use alone. It has neither anesthetic nor 
analgesic properties. 

10. Be cautious if there is renal insufficiency present. 
11. Watch the circulation closely. 
12. If you wish to be safe, keep the patient breathing. 





Other Uses for Curare 

In 1940 at a meeting of the American Association, Bennett 
read a paper on the employment of curare during metrazol 
shock therapy. 

Edward B. Schlesinger of New York is making use of a 
preparation of curare in oil for the treatment of spastic states. 
The oil delays the absorption, and may be effective to 
lengthen the effective blood level. 

Scott Smith has made a few preliminary trials with curare 
in attempts to relax the spasm associated with anterior 
poliomyelitis. 

Lately Ransohoff has employed curare in patients suffering 
from poliomyelitis with apparent good results. 

Finally curare has been used for the diagnostic test for 
myasthenia gravis, 0.1 to 0.2 mg. of ‘‘ Tubarine ’’ per stone 
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body-weight being injected intravenously. In positive cases 
profound exaggeration of the symptoms ensue. 

I.5 mg. neostigmine bromide, together with atropine gr. 
1/ 100th should be given intravenously after 2 or 3 minutes. 

We have already referred to the question of curare and 
bronchospasm. There is reason to believe that at least a few, 
if not all, of these patients had had prostigmine to overcome 
the effect of curare. 

The indiscriminate use of protigmine to overcome an over- 
dose, in other words, the improper use of curare, should be 
discouraged. 


Curare in Cesarean Section 

The question of anesthesia for Czsarean section has 
always been one which has been hotly debated. All forms 
of anesthesia have been advocated, ranging from gas and 
oxygen, local, cyclopropane, to spinal. It is not unexpected 
that with the advent of curare this drug, too, has had its 
advocates. 

Gray, of Liverpool, issued a report on 30 cases in which 
curare was used. 


Technique 

Premedication was atropine gr. 1/100, I hour before 
operation. When the surgeon is ready, induction is carried 
out by means of 15 mg. d-tubocurarine, followed by 0.3 gm. 
‘“‘kemithal ’’ in 5 per cent solution. 

Anesthesia is maintained with cyclopropane, with the 
closed circuit technique. 

Respiration is aided from the beginning to prevent any 
sub-oxygenation. The operation is started as soon as the 
surgeon can illicit no painful response by means of a towel 
clip. 

Until the time of delivery the anesthesia is kept as light 
as possible. After the delivery of the child it is deepened. 

A pharyngeal airway is not inserted as it may cause 
vomiting. Endotracheal tubes are kept at hand in case of 
need. 

The result of this form of anesthesia is that there is no 
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depression of the child. They all cry lustily as soon as the 
head is delivered, and furthermore show no signs of curariza- 
tion. 

An increased contractility of the uterine muscle was ob- 
served, and the placenta separated easily. 

Post operative vomiting was rare. 


Curare in Convulsive Therapy 

As is well known, convulsive therapy for the treatment of 
psychiatric disorders was introduced by Meduna in 1934, 
when he injected convulsant drugs intravenously. 

The results were unpleasant to the patient, so much so 
that they were unwilling to continue the treatment. The 
complications that ensued were high blood pressure, fractures 
and dislocations. 

Electric convulsive therapy diminished these complica- 
tions but was still unpleasant. The use of spinal anzsthesia 
was limited in its scope, and did not prevent fractures of the 
jaw or arms. 

Curare was therefore used to try and minimize these un- 
pleasant sequelae. 


Technique 

A sedative was given overnight. No meal in the morning, 
in the case of vomiting. The pulse rate, blood pressure, and 
temperature, were then recorded. d-Tubocurarine chloride 
and atropine were injected in the same syringe intravenously. 
Without taking the needle out of the vein thiopentone was 
injected. The amount of d-tubocurarine chloride given was 
2 mg. per stone body weight, the dose varying according 
to the sex, musculature, and general condition. 

Males required more than females; the young more than 
the aged. The usual dose of thiopentone was 0.3 gm. 
Increased if there was any spasm, either bronchial or 
laryngeal, or anesthesia was given in the form of gas and 
oxygen. 

The clinician waited 3 to 5 minutes before electric con- 
vulsive therapy was given. 

By this technique traumatic complications were avoided. 
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There was no serious rise in blood pressure. Post-convulsive 
excitement was minimized. Unpleasantness for the patient 
eliminated. 


Conclusions 

After a careful use of the drug for a period of over eighteen 
months, I have come to the conclusion that the advent of 
curare is one of the greatest advances made in anesthetic 
technique for many years. 

Reading the medical press, one is constantly finding letters 
of severe criticism and condemnation of the use of this 
drug. 

It is my belief that the anesthetist is at fault and not the 
curare. 


Curare should be given to aid the anesthetic and not the 
anesthetic to aid curare. 

Overdosage of curare; repeated doses; inexperience in the 
treatment of an apnoeic patient, I feel sure, are some of the 
causes for giving this drug a bad name. 

There have been complaints of excessive bleeding. So far 
as my personal experience is concerned, this has not 
occurred, except, perhaps, in the case of a few eye opera- 
tions. 

With the small doses used in my cases, varying from 10 
mg. to 15 mg. at the most, we have had no serious complica- 
tions. The incidence of mild ‘‘chests’’ has undoubtedly 
diminished. The condition of the patient is decidedly better 
than was the case with the previous methods of anesthesia. 
So far as the surgeons are concerned, I have had no com- 
plaints. On the contrary I have had encouragement and 
appreciation. 


Types of Cases 
I have used curare as a routine anesthetic technique, 

both for hospital and private cases, varying the dose and the 

anesthetic agent according to the operative procedure. 

In general surgery. For all upper abdominal operations, 
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including transthoracic operations for the removal of carci- 
noma of the oesophagus. For herniae and laparotomies of 
all types. 

It is especially useful in the resistant or very muscular 
subject, even if the operations are of a minor nature, such 
as varicose veins. 

For thyroid operations I am not so satisfied. In five con- 
secutive cases, on the third day, all developed a cough and 
temperature, which cleared up in two days time. I put them 
down as cases of tracheitis. 

For haemorrhoids and anal fissure the relaxation is as 
perfect as that given by a spinal anesthetic. 

For excisions of the rectum, where previously I gave a 
combined anesthetic with pentothal gas oxygen, followed 
by spinal. I now use curare instead of the spinal. It is my 
belief that the patients have been better at the end of the 
operation than was the case previously. 

For prostatectomies the relaxation and quiet field is also 
excellent. In teeth extractions, where there is severe trismus 
of the jaw, curare is also helpful. 

It has a definite field in eye surgery, either for eneuclea- 
tions, or plastic operations. A small dose must be given, in 
the neighbourhood of 0.5 mg., or else the surgeon may com- 
plain that the eye feels like a ball of cotton wool. 

In gynaecology I have used it as a routine for all abdomi- 
nals. In the case of hysterotomies or myomectomies the 
uterine muscle contracts with the greatest of ease. 

The replacement of spinal anesthesia by an anesthetic 
technique using curare is not without its advantages. The 
sterility of spinal anesthetics depends upon the perfect tech- 
nique of both theatre staff and anzsthetist. In these days 
of shortage of staff this cannot always be relied upon. 
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DEATH ON THE OPERATING TABLE 


By E. FAULKNER HILL, M.D. 
Senior Anesthetist, Royal Infirmary, Manchester 


and A. R. HuNTER, M.D., F.R.F.P.S.G., D.A. 
from Royal Infirmary, Manchester 


EATH on the table is fortunately not a common 

accident but its rarity makes it all the more difficult to 
obtain any definite information concerning its causation. The 
personal experience of a single anesthetist, even over a long 
period, is unlikely to provide enough material for a study of 
the phenomenon. We have therefore collected from the 
records of the hospital which we serve the details of all the 
deaths which have occurred under anesthesia in the last 14 
years. In all 77 patients died on the table in this period. In 
a few cases no adequate explanation of the accident could be 
obtained from the information available, but in most the cause 
of death was clear enough. The cases are classified in Table I. 
It may seem in the light of modern knowledge that some of 
the patients should not have died, but it must be remembered 
that the period under consideration extends to 15 years ago. 
Also fully two-thirds of the anesthetics were administered by 
junior members of the resident medical staff. 

Each of the different groups in Table I calls for some 
comment. 

In the 10 cases of death under spinal anesthesia the 
anzsthetist was in the vast majority a recently qualified house- 
surgeon. All the patients were poor risks. The solutions were 
heavier than the cerebrospinal fluid and if the technique 
taught (viz. 3° to 5° Trendelenberg position with the head 
raised) was used there could be no possibility of the paralysis 
of the phrenic roots by the direct action of the solution. The 
cause of death must therefore be sought elsewhere than in 
respiratory paralysis, and in fact there were no records of this 
phenomenon. That the proximate cause of these catastrophes 
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TABLE I 
Causes of Death on the Operating Table 


1. Deaths due to Anesthetic 


Spinal 10 
Ether (convulsions) 6 
Chloroform 4 

20 


2. Deaths due to Operation or Disease for which it was 


performed 

Moribund patient 10 
Medullary compression 7 
Uncontrollable hemorrhage 4 
Shock 13 
Thyroidectomy 14 

48 

3. Other Causes 

Aspiration vomitus 2 
Bronchial spill over 2 
Unexplained: On the table 3 


In bed immedi- 
ately after 


N 


9 


was heart failure seems to admit of no doubt, but as a spinal 
anesthetic has no direct action on the myocardium the 
question arises as to how cardiovascular failure develops. In 
the experimental laboratory it has hitherto proved impossible 
to produce heart failure under spinal anesthesia whatever the 
fall in blood pressure, provided the animal is supplied with 
oxygen. Anoxia therefore would seem to be the undeniable 
predecessor of the heart failure. There were many factors 
tending to produce anoxia in the patients of the present 
series. First and foremost their condition was unsatis- 
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factory. Some were obese; others were very ill; the medullary 
centres were often depressed by drugs. The Trendelenberg 
position added to their difficulties. Vasoconstriction was 
probably inadequate even in the unaffected parts of the body 
because the patients were too ill to have normal vasomotor 
responses. Some must have had feeble fatty hearts. Their 
respiratory centres lacked the stimuli they would normally 
have received from the anesthetised two-thirds of the body. 
All these factors may have played a part in producing 
anoxzmia in the blood entering the coronary arteries of the 
heart. Under such circumstances a vicious cycle appears in 
which the anoxia depresses cardiac function and thus 
exaggerates the oxygen lack until such time as there is not 
enough oxygen in the coronaries to allow the cardiac muscle 
cells to carry on, and so the heart fails. Such a condition will 
naturally develop more quickly in patients who are suffering 
from hemorrhage or dehydration. It is manifestly impossible 
to evaluate the part played by each of these factors in the cases 
studied, but many of them must have been operative. In 
two patients death occurred shortly after the induction of 
supplementary nitrous oxide and oxygen anesthesia. In 
these two instances it is almost certain that the added anoxia 
produced by the administration of nitrous oxide with too little 
oxygen to support life was the primary cause of the tragedy. 

The 6 deaths from ether convulsions should occasion little 
surprise. It was from Manchester in 1926 that the earliest 
descriptions of the conditions came, and though they have 
not been reported, there have been a few cases each year in 
the area. It is significant, however, that in our own hospital 
no deaths have occurred since 1941, i.e., since it became 
generally known that an adequate dose of a barbiturate would 
control the convulsions. 

Chloroform deaths from primary cardiac failure are like- 
wise becoming a thing of the past as this agent is falling into 
general disuse. They still, however, occur occasionally. 
Primary cardiac failure during thyroidectomy remains 
depressingly common. In this series its incidence was 
independent of the type of anesthetic and premedication 
given. Basal narcosis with avertin or paraldehyde did not 











Death on the Operating Table 27 


protect the patient. Death took place under nitrous oxide and 
oxygen alone. All the usual agents used as supplements were 
associated with such accidents. Ether, chloroform and trilene 
all were incriminated. The cause of the collapse was presum- 
ably ventricular fibrillation, the result of undue irritability 
of the cardiac muscle, produced by thyroid intoxication. The 
fact that 9 of the 14 patients in this group were over 40 sup- 
ports this presumption, as it is the secondary form of the 
disease which is associated with other cardiac complications, 
notably auricular fibrillation. 

Ten of the 77 patients in the series seemed to be almost in 
articulo mortis at the time at which operation was performed. 
There is nothing to be gained from further discussion of these 
cases. In every instance the patient was desperately ill, 
usually because of an infective condition, e.g., mediastinitis, 
spreading gangrene of the abdominal wall. Another had 
already had a cardio-omentopexy and was about to undergo 
repair of diaphragmatic hernia. He died shortly after a dose 
of avertin. 

The neurosurgical unit deaths fall into two groups, those 
where compression of the vital centres was responsible and 
those where hemorrhage too severe to be controlled by 
ordinary methods took place. Accidents of the latter type are 
much less common nowadays with blood-bank facilities, but 
in this connection it should be noted that where extremely 
severe hemorrhage is anticipated fluid can be given much 
more quickly by a French’s needle into an-arm vein than 
through a gold cannula tied into the saphenous vein. Failure 
of the medullary centres during operations in their immediate 
neighbourhood is relatively rare. It took place only twice in 
the period under review. In two other cases the indirectly 
compressed hypothalmic centres in the floor of the third 
ventricle ceased to function during anesthesia. Disturbance 
of both these areas of the brain progressing to a fatal issue 
is much more common in the immediate post-operative 
period. In patients with cerebellar abscesses, however, 
irreversible failure of breathing from spread of inflammatory 
cedema to the respiratory centre is not very common. It is 
therefore much more satisfactory to tap these abscesses under 
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local anesthesia and to take the risk of wound infection, 
which in these days of penicillin and sulphonamides is almost 
negligible. A mastoid operation can if necessary be performed 
subsequently under general anesthesia. Even so, special 
care must be taken to use only the lightest possible levels of 
anesthesia and to prevent either oxygen lack or carbon 
dioxide excess, both of which are potent causes of cerebral 
cedema. If apnoea does appear the patient’s lungs should be 
rhythmically inflated with oxygen and 3-5 c.c. of nikethamide 
injected intravenously. This drug will often restart respira- 
tion in such cases. 

The heading of shock is unsatisfactory and this group 
certainly includes some patients in whom the anesthetic was 
at least in part responsible for the fatal issue. Some of the 
patients were found to be pulseless and apnoeic at the end 
of long abdominal operations. Two were air-raid casualties 
and one patient had bled severely during an incomplete 
abortion. In these last cases the administration of an 
anesthetic and the slight loss of blood associated with the 
operation initiated a progressive decline in blood pressure 
which proved fatal before its seriousness was appreciated. In 
every instance in this group the anesthetic was ether and it 
is probable that the fatal accident was due to a failure to 
appreciate the adverse effect of this agent on a patient with an 
already inefficient circulation. It is significant that no similar 
cases occurred under nitrous oxide and oxygen nor under 
spinal anesthesia, though the latter is the method of choice 
in the hospital for emergency abdominal surgery. 

Drowning of the patient in his own secretions is a well- 
recognized risk of anesthesia. It happened four times in the 
present series. Two patients, both suffering from intestinal 
obstruction, died from aspiration of vomitus. In neither 
instance had the stomach been drained adequately before 
operation nor was there a stomach tube in situ at the time of 
the accident. In both cases the anesthetic was given by a 
house surgeon. One operation was carried out under general 
anesthesia; in the other case the patient collapsed under 
spinal anesthesia, vomited and aspirated the vomitus while 
semi-conscious. There have been no accidents of this type 
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since 1934. It should be noted that the same mishap may 
complicate anesthesia in cases of pyloric stenosis. It is there- 
fore important not merely to teach nurses that the stomach 
should be washed out prior to such operations but to ensure 
that they know not to pass a Ryle’s tube so far into the 
stomach that it kinks and ceases to drain before the stomach 
is empty. 

The other form of drowning during anesthesia is a risk 
peculiar to major thoracic surgery in “‘ wet’’ patients. When 
the pleura is opened the diseased lung collapses and ejects 
the fluid contained in the cavities within it into the bronchi 
and trachea, which are at once occluded. The patient becomes 
progressively more cyanosed and eventually dies of asphyxia. 
The same accident may occur in similar cases when a 
bronchoscope induces violent coughing. It is to be noted that 
even careful postural drainage before operation is not a 
complete safeguard against such tragedies. This accident has 
occurred only twice inthe last 14 years in Manchester Royal 
Infirmary. A mishap which befell one of us at another 
hospital in the area indicates, however, by how narrow a 
margin such calamities may be averted. 

A bronchiectatic young man aged 24 was undergoing a 
lobectomy under general anesthesia. Shortly after the pleura 
was opened the movement of the bag on the machine ceased 
and the patient became cyanosed. Inflation of the lungs with 
oxygen caused only slight improvement in his colour. There 
were no moist sounds in the airway and suction applied to the 
catheter in situ produced no result. In desperation the 
anesthetist removed the endotracheal tube and with difficulty 
inserted a fresh one. He was then able to improve the 
patient’s colour considerably by inflating the lungs with 
oxygen, but when anesthesia was reinduced cyanosis again 
appeared. The chest was therefore rapidly closed and at the 
conclusion of the operation a quantity of extremely thick 
viscid pus was removed from the bronchi by means of a 
bronchoscope. The endotracheal tube and the suction 
catheter originally inserted were both completely blocked by 
the same thick pus. What was particularly terrifying about 
this case was the way in which sudden flooding of the tracheo- 
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bronchial tree occurred without a single moist sound in the 
airway to indicate what had happened. 

In 5 cases no satisfactory expianation of the death could 
be elicited from the hospital records. In 2 instances the 
patient was found dead in bed shortly after the anesthetic 
had been withdrawn. The presumptive cause of death was 
obstruction of the airway, and the lesson to be learned is the 
importance of educating nurses in the proper handling of the 
unconscious patient. 

The frequency of death on the table with different 
anesthetics is not easy to obtain. For reasons connected with 
the recent war the hospital statistics from 1939 to 1946 are 
incomplete. Details of all the anzsthetic deaths from 1933 to 
1946 are, however, available. The crude death rate for this 
period during which approximately 124,500 operations were 
performed was 0.063 per cent. If, however, the 25,000 minor 
procedures which were carried out under local and gas 
anesthesia without mortality are discounted the mortality 
becomes 0.78 per cent. The figure for death under spinal 
anesthesia, II in 29,500 cases, or 0.049 per cent, compares 
very favourably with that for operations under general 
anesthetics (0.077 percent). This is particularly noteworthy, 
since spinal anesthesia is the method of choice for emergency 
abdominal surgery. The only single group which calls for 
comment is that of thyroidectomy for thyrotoxicosis, which 
carries a mortality five times that for all other operations. The 
significance of this figure as regards the risk of surgical 
interference in the condition is clear enough but unfortunately 
no satisfactory means of prophylaxis has emerged from this 
study. 


SUMMARY 


The case records of 77 patients who died during anesthesia 
have been analyzed. The various causes of death have been 
classified and where such is possible the means of prophylaxis 
of accidents of this kind has been indicated. Spinal anesthesia 
had the lowest death rate on the operating table. The 
mortality in the operating theatre during thyroidectomy for 
toxic goitre was heavy. 
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TABLE II 
Statistical Frequency of Death on the Table 
Death Rate 
per 100 
Type of Anesthetic Number Deaths Operations 
All cases (1933-46) 124,500 77 0.063 
Major operations only 99,500 77 0.078 
Major operations under 
general anesthesia 77 ,000 66 0.087 
Major operations under 
spinal anesthesia 22,500 II 0.045 
Thyroidectomy for 
thyrotoxicosis (1933-38) 1,528 5 0.32 
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CAUSATION OF ANASTHETIC CONVULSIONS 
By A. E. DODWELL, M.B. 


Summary 

A short history is given of the views put forward in the past 
as to the cause of anesthetic convulsions. 

The three hypotheses at present holding the field. 

An account of my own experience of convulsive cases. 

Observations on the temperatures of anesthetized patients 
in subtropical conditions. 

An attempt to determine what proportion of convulsive 
cases in the literature were pyrexial. 

Suggested reasons why the condition has been seen more 
frequently during the last twenty years. 


Heat the Essential Factor in Anesthetic Convulsions 

Attention was first called to anesthetic convulsions in I1913' 
but not again until 1922.” From this date references increased 
until by 1927* * several short series had been recorded and in 
1928’ the Anesthetic Section of the Royal Society of Medicine 
held a discussion on the subject. 

The first reference in a text-book was in 1930,° the authors 
supporting the view of impurities in the ether as the cause. 
From 1930 onwards both in this country and U.S.A. 
references to this occurrence became much more frequent.’ 

In 1931 Hadfield* noted the association of youth, sepsis and 
hot weather, and that convulsions began usually in the face. 
In 1935 Nosworthy® called attention to Kemp’s view of 
alkalosis as the cause. He agreed that hot weather was 
important. 

The concern felt regarding the occurrence of these convul- 
sions and their cause is shown by the fact that they formed the 
subject of an “‘ off the record ’’ discussion in 1935 by the New 
York Academy of Anesthetists’? and were discussed for a 
second time by the Anesthetic Section of the Royal Society 
of Medicine in 1942." 
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In 1937 Lundy’? pointed out that far from there being any 
general agreement as to the cause, thirty-three separate agents 
had been blamed; but as evidence accumulated it became less 
possible to believe in any single cause and a theory of the 
combined action of several factors arose. 


Pask"’ expounded this view and suggested that youth, 
infection, loss of power to regulate body temperature, low 
blood calcium level, ketosis and apprehension should be 
regarded as predisposing factors, whilst increased CO. tension, 
anoxia, overheating, surgical trauma, respiratory obstruc- 
tion, hyperpyrexia, and cerebral engorgement all appeared 
to be immediate exciting stimuli; nerve block and the pre- 
operative use of morphia or the barbiturates he regarded as 
inhibiting factors. 

This view appears to be gaining ground since in recent 
text-books both Minnitt and Giles'* and Hewer"™ lend support 
to it; with emphasis, however, on different factors. Flagg,”° 
however, in U.S.A. attributes the convulsions to a neuro- 
toxin or to hyper-ventilation. 

In 1944 Williams and Sweet"* suggested that the condition 
was due to cerebral excitability and supported their view with 
electroencephalogram findings in 22 people with a history of 
anesthetic convulsions, of whom only 6 gave normal 
readings. They compared these results with (a) 275 
idiopathic epileptics, giving 25 per cent normal and 75 per 
cent abnormal readings, and (b) 241 normal persons giving 
87 per cent normal and 12 per cent abnormal readings. 

A third view was advanced by Rosenow and Tovell’’ in 
1936 that these convulsions were due to the effect of a 
neurotoxin developed from a streptococcus present in the 
patient’s throat. Further work has been done in support of 
this view at the Mayo Clinic. 

Rosenow and his fellow workers" state that a definite strain 
of streptococcus viridans can be cultivated from the throats 
of patients who have recently had anesthetic convulsions and 
that cultures of this injected into rabbits or guinea pigs cause 
spasms or convulsions in these animals in 88 per cent of cases 
either spontaneously or when anesthetized, as against 13-17 
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per cent of animals injected with cultures from the throats of 
non-convulsive patients. 

Prior to going to Libya in 1942 my only experience of 
convulsive cases was one of localized facial iwitchings, but 
during five months there in the hot weather I saw 4 cases of 
facial twitchings and 1 fatal case of generalized convulsions 
in 620 general anesthetics, in striking contrast to my previous 
experience of 1 case of facial twitchings in over 23,000 general 
anesthetics administered in temperate climates. 

In my first case, an 11 year old boy with acute appendicitis 
and high initial temperature (103.6° F.) twitchings of the right 
side of the face preceded by slight frothings at the lips 
occurred after about 40 minutes. The anesthetic (ether) was 
stopped and the closure of the abdon 'ready begun, com- 
pleted without further anesthesia. The twitchings ceased 
after about a minute and did not recur. The theatre, although 
the day was cold, was hot and steamy. 

My second and only fatal case was a young officer, aged 24, 
operated upon 3 days after the onset of a pyrexial illness; his 
pre-operative temperature, taken in the ward, was 103.0°F., 
and he appeared to be decidedly ill, having in fact developed 
portal pyemia following acute appendicitis. 

I administered gas, oxygen, and ether without incident for 
half and hour, but when the peritoneum was about to be 
closed the patient was sweating profusely, his pulse rapid, and 
his breathing rapid and noisy, apparently owing to slight 
laryngeal spasm. Increase in the strength of the ether vapour 
improved the relaxation, but noisy breathing continued and 
twitching of the face appeared. Ether was stopped and the 
twitching of the face ceased, but breathing and pulse 
remained as before. 

Unfortunately relaxation was still insufficient and ether 
was resumed, followed in 2 minutes by facial twitchings 
and movements of the right arm and leg. These movements 
rapidly developed into generalized convulsions and in less 
than 10 minutes (and before he could be secured sufficiently 
to try the effect of intravenous pentothal) the patient’s heart 
stopped beating and all efforts at resuscitation failed. 

Impressed by the association of high operating room 
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temperature and humidity in these two cases, I decided to 
observe whether in our hot and not well-ventilated operating 
theatre patients did become overheated during the course of 
a long operation and whether muscular twitchings or convul- 
sions were associated. 

For the next 6 months (i.e., until the weather became 
cooler) axillary temperatures were taken at the end of 
induction whenever the operation promised to last an hour. 
All 17 cases so observed showed at the end of 1 hour a rise 
in temperature varying from 1.2°F. to 2.8°F., though the 
majority grouped between 1.6°F. and 2.6°F. (See Table I.) 

Among these 17, 3 showed facial twitchings and are 
included in my list of convulsive cases (see Table II.). These 
twitchings were treated as a danger signal, the anesthetic 
was stopped, ice when available was applied to the neck 
while attempts were made to improve the ventilation of the 
patient’s body all over. 

When I began this investigation I had not read Brennan’s”® 
work on the rise of temperature found in normal adults during 
a Turkish bath and the effect of atropine on the rate of 
temperature rise, so that I did not at first appreciate that a 
definite rise in temperature in half an hour would be the rule 
rather than the exception. 

Later I observed 8 cases of acute appendicitis, all 
pyrexial at the beginning of operation, show a rise of tempera- 
ture in half an hour from 4°F. to 1.2°F.; one of them, with 
a rise of temperature from 102.6° to 103.6’, had facial 
twitching, being the third case on my list. 

The impression gained from these findings was that a rapid 
rise in temperature as measured in the axilla of an anes- 
thetized patient could easily occur, especially if the patient’s 
temperature was raised at the beginning of the operation, and 
this rise brought him dangerously near the state at which he 
was liable to develop a fast pulse of poor volume and facial 
twitchings or even generalized convulsions. 

I next endeavoured to collect from the literature evidence 
for or against the above view; the material was obtained from 
144 cases collected by Lundy,’ 12 reported by Ray and 
Marshall,”® 8 reported by Coryllos and Bass,”’ 62 I found in 
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separate reports, which, together with my own 6 cases, 
amounted to 232 in all. There were 46 in which death 
appeared to follow directly from the fits (the criterion, 
necessarily arbitrary, being the failure of the patient to return 
to consciousness between the onset of the convulsions and his 
subsequent death), giving a mortality rate of 20 per cent. 


TaBLeE III. 
Reported by 
Collected by Ray and _ Coryllos 
Lundy Myself Marshall and Bass Total 


Number of cases 144 68 12 8 232 
Fatal cases 31 9 3 3 46 
Death rate (per cent) 21.5 13 25 37:5 20 








Unfortunately, of the cases reported by Lundy, only the 
31 fatal cases contained detail sufficient for the purpose of 
my investigation; Coryllos and Bass too supplied no details 
as to pyrexia in their 8 reported cases (which include three 
deaths). I found, however, that my 6 cases, the 12 reported 
by Ray and Marshall, and the 62 I had collected from the 
literature, could be classed as follows: (A) Those in which 
there was positive proof of considerable pyrexia, e.g., the 
patient’s temperature was 103°F. or more at the beginning 
of operation and usually a post-operative reading of high 
temperature was obtained; 24 cases. (B) Those with some 
degree of raised temperature at the beginning but no subse- 
quent record obtained, although temperature of the theatre 
was often reported at 75°F. or higher; 28 cases. (C) Those 
with insufficient information for an opinion to be formed as 
to whether the patient’s temperature was raised before, 
during or after the operation; 24 cases. (D) Those in which 
no record of temperature was given and the operation 
appeared to have been performed upon an apyrexial patient 
under normal conditions of temperate climates; 12 cases. 
(See Table IV.) 

The 46 fatal cases I have considered were made up as 
follows :—31 were collected by Lundy, 14 extracted from the 
original reports, and the remaining I was my own. 
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TABLE IV. 
Classification of Cases According to Evidence of Pyrexia 
Reported Collected 
by by 


Basis for classification Group R.&M. C.&B. H.B.D._ Total 


Evidence of considerable 


pyrexia ae 4 20 2 
Evidence of some pyrexia B I . 28 
Insufficient evidence... C 5 8 II 24 
Such evidence as exists is 

against pyrexia D 2 - 10 12 

Total 12 8 68 88 


Thirty-four of these fatal cases are definitely stated to have 
had raised temperatures before going to the theatre, 8 of them 
had high temperatures, whilst 6 of them had rectal tempera- 
tures of 105°F. or upwards between the onset of convulsions 
and subsequent death. 

Three fatal thoracoplasty cases reported by Coryllos and 
Bass have had to be placed in Group C, as have 6 of Lundy’s, 
as no report is given of their temperatures; while 3 fatal cases 
of Lundy’s, a ruptured vena cava, a case of glands in the 
neck and an “interval appendix ’’ have had to be placed in 
Group D as there would not appear to be any justification for 
believing that any of these 3 had a raised temperature at the 
beginning of the operation. 

This is very far from proving that the patients were 
apyrexial since their temperatures were never taken in the 








TABLE V. 
Fatal Cases. 
Reported Collected Collected 
y by by 

Group R.&M. C. &B. H.B.D. Combined Lundy Total 
A 3 “ 4 7 I 8 
= - 5 5 21 26 
2 3 6 9 

D ' 3 3 
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theatre and may not have been taken in the ward for some 
hours; I have not infrequently (especially in Libya) found 
a raised temperature after induction, although the last ward 
reading was normal. 

Thus of the 88 cases where records are reasonably full, 52 
were definitely pyrexial in some degree and 12 are presumed 
to have been apyrexial though not proved so, while of the 
remaining 24 we do not possess evidence enough to come to 
any positive opinion; of the 46 fatal cases, 34 were definitely 
pyrexial, 3 are presumed to be apyrexial, and the remaining 
g must be classed as unknown. 

The arguments advanced against heat being an important 
factor are of little weight since none of the writers appear to 
have kept any temperature records during anesthesia. 

Hamilton Bailey” states that heat cannot be the cause since 
a case he observed occurred in winter on an exceptionally 
cold day; but patients frequently maintain temperatures of 
103 F. and upwards in winter in the public wards of a 
hospital, so there is nothing impossible about their tempera- 
tures rising to greater heights in a heated and more humid 
operating theatre. 

Hewer™ objects on the grounds that “‘ the anzsthetized 
patient tends to lose heat ’’, and ‘‘ the high temperature often 
recorded after the fit is probably the result of the fit ’’. 

On the other hand, heat has been recognized by many 
observers as being frequently associated with these convul- 
sions; Pinson,* McKensie,’ Payne,’ Hadfield,* Brennan,'* 
and Dickson Wright** appreciated this close association but 
produced no evidence to show whether pyrexia developed 
before or after the onset of convulsions. 

No observers, until very recent times, reporting a case of 
anesthetic convulsions appear to have recorded the patient’s 
temperature except Ray and Marshall” in one instance, who 
observed that the ninth case in their series (a fatal one) had 
an axillary tmperature of 106°F., 1} hours after the beginning 
of the operation, the convulsions being 45 minutes later. 

To revert to the 3 mutually exclusive views now held as to 
the cause of anesthetic convulsions; of these the multiple 
cause hypothesis is almost impossible to prove or disprove, 
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so can only be adopted when all other views have been 
abandoned. 

The cerebral excitability view is often open to objection 
since its supporters do not produce pre-operative electro- 
encephalograph readings of their convulsive patients nor 
post-operative readings of non-convulsive persons; their 
attempt to explain the high mortality figures is unconvincing, 
and they make no attempt to explain why idiopathic epileptics 
nearly always have their attacks during induction, while the 
more serious convulsions tend to occur nearly an hour after- 
wards. 








TABLE VI. 
Time of onset 
(in minutes) 
Source No. of cases Extreme Average 
H. B. D. , kip aa? 6 40-100 60 
Ray and Marshall _ wa eae 12 40-135 75 
Coryllos and Bass Sha KS acer 4 17-102 60 
Total of above a 22 17-135 58 
Collected by H.B. D. from literature 25 5-100 47 
| ee ee eee 5-135 47 


The absence of any grouping suggestive of an occasional 
epidemic is a weak point in the case for the neurotoxin theory, 
as is the rapidity of onset of the toxic effect, and the high 
incidence of convulsions and spasms among the control 
animals in the experiments, suggesting that cultures of non- 
pathogenic organisms from the human throat can cause 
muscular spasms in inoculated animals. 

The supporters of these views make no attempt to answer 
the question raised by Hadfield at the Royal Society of 
Medicine discussion in 1928 ‘‘ Why was this condition 
practically never heard of before 1926? ’’ 

On the other hand, if my view is the correct one, then since 
1926 a new factor tending to raise the patient’s temperature 
must have come into common use in operating theatres or an 
old one used with greater intensity. 

Kelvin, Bottomley and Baird Ltd. inform me that they 
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have been supplying shadowless lamps to operating theatres 
since 1925, and the Dunlop Rubber Company that they have 
been supplying sorbo-rubber operating table covers for many 
years, in fact by 1933 their trade in these articles was 
““ extensive.” 

Both these fittings fulfil the conditions laid down in the 
previous paragraph in that they came into general use less 
than 20 years ago and both tend to raise a patient’s tempera- 
ture in a warm operating theatre, the one by directly heating 
him, the other by reducing his loss of heat through conduction 
to the metal operating table. 

In conclusion, no other hypothesis explains why “this 
condition was practically never heard of before 1926’’, 
whereas my suggestion does, and is given increased support 
by these facts, since an increase in the number of factors 
tending to overheat the patient should produce an increase in 
the number of cases of anesthetic convulsions, if heat is the 
essential factor in the production of anesthetic convulsions. 
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BRITISH CHEMICAL ENTERPRISE SHOWN 
TO OVERSEAS VISITORS 


The use to which Britain has put at least one of her war- 
time factories was demonstrated to delegates at the eleventh 
International Congress of Pure and Applied Chemistry who, 
at the invitation of The British Drug Houses Ltd., visited the 
works and laboratories of the B.D.H. Laboratory Chemicals 
Group at Poole, Dorset, on Tuesday, July 22nd, 1947. 

This factory, one of the first to be allocated to private 
enterprise by the Board of Trade, is now engaged in large 
scale production of the well-known B.D.H. Chemicals and 
‘* AnalaR ”’ Analytical Reagents, which have so wide a range 
of uses in educational and industrial fields throughout the 
world. 

The visitors, representing 14 countries, in company with 
the Mayor of Poole, saw specially designed plant and 
processes for the production of fine chemicals of laboratory 
purity in commercial quantities. This achievement, hitherto 
the monopoly of German chemical firms, now, through enter- 
prise and initiative, forms part of a strongly established and 
rapidly expanding British industry. 
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REVIEWS 


Man Against Pain. HowarD RILEY RaPER. pp. 236, 
illustrated. Price tos. 6d. Victor Gollancz Ltd., 


Henrietta Street, Covent Garden. 


This book is for the lay, not for the professional, reader. 
Though written in rather sensational style, it gives a reliable 
account of the discovery and development of anesthesia, but 
is a little too long occupied with personal conflicts, such as 
that between Jackson and Morton, which however violent the 
animosity and discussion which they aroused at the time, 
have left little, if any, influence on the development and 
progress of anesthetic practice. An interesting page is 
provided by the account, little known, of Mrs. Luhare’s 
experience with plyote, a mild narcotic found at the top of a 
special variety of small cactus. It is chewed, the saliva then 
swallowed, when the narcotic effect is produced. 

The author records that of 136 insane patients treated by 
operation 98 were greatly improved. Operation consisted in 
‘‘ disrupting the relationship between the animal and the 
intellectual centres of the brain ”’ 


Victory Over Pain. VICTOR ROBINSON, M.D. pp. 338, 
illustrated. Price, 16s. net. Sigma Books, London. 


This books gives an excellent and comprehensive account 
of the origin and development of man’s effort to eliminate and 
defeat pain however derived. Starting with a discussion of 
drugs and dreams, it goes on to the control of pain in 
antiquity, anodynes in the Orient, and narcotics in the Middle 
Ages. Then comes an account of progress in the seventeenth 
and eighteenth centuries. Humphry Davy is awarded a 
chapter for himself alone, and after one devoted to Henry Hill 
Hickman we come to mesmerism and then to the discovery 
of anesthesia proper. Crawford Long (1815-78) is the subject 
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of the next chapter, and then Wells, Jackson, and Morton. 
The reception of the discovery in Europe of the action of 
Liston follows: then the reaction of Central Europe and 
Pirogoff’s work. Chloroform supplies the subject of the 
ensuing chapter. John Snow (1813-58) and Benjamin Ward 
Richardson occupy the following pages, then Koller and 
Halstead. Chapters on twilight sleep and techniques, on 
endotracheal methods, spinal anesthesia and refrigeration 
anesthesia, precede one on curare. An epilogue and 
bibliography conclude this excellent volume. 


Ancient Anodynes : Primitive Anesthesia and Allied Condi- 
tions. E. S. ELLIs, M.R.C.s. With foreward by T. K. 
PENNIMAN, Curator, Pitt Rivers Museum. pp. 187. 
Price 21s. net. Wm. Heinemann, London. 


This is a valuable book of reference for anyone interested 
in anthropological and social aspects of medical history, and 
its worth is enhanced by the full list of references given at the 
end of the book. Besides surgical anesthesia by inhalation, 
physical methods, inebriants and hypnosis are also discussed. 
One of the most interesting chapters is that which deals with 
psychological anesthesia. The writing of the book is a little 
disjointed, as though the author was slightly overwhelmed by 
the mass of information he had collected and had to put much 
down as it came to hand without finding time to correlate it 
with the rest of his matter and to fit it into its due place. 
His industry and learning, however, are astonishing and will 
supply many an inquirer with knowledge that he would have 
difficulty in acquiring elsewhere. Anesthesia by known 
drugs is discussed in a series of chapters and such unsuspected 
agents as fish poisons, mushrooms and urine are given their 
due place. Unnamed and various drugs form the subject of 
another chapter, which provides some vastly entertaining 
stories from Boccaccio and other authors. The author shows 
by quotation that local anesthesia was used from very early 
times, although it could by no means be regarded as scientific 
until the hypodermic needle came into use. Anesthesia in 
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different countries occupies some pages and brings the author 
to modern anesthesia and the familiar story of Priestley, 
Beddoes, and Humphry Davy. Then with the application of 
nitrous oxide, chloroform and ether to practical ends, the 
history of primitive anesthesia is concluded. 


The Conquest of the Unknown. GEORGE BANKOFF, M.D., 
F.R.C.S. pp. 175, illustrated. Price 6s. net. Macdonald 


& Co. Ltd., London. 


This book gives the story of the endocrine glands. It starts 
with the thyroid and the parathyroids and the causation of 
tetany. Then comes a consideration of hormones generally, 
an account of Addison’s Disease, and the phenomenon of 
gigantism, dwarfism, and obesity. “‘ The making of the 
male’’ is the subject of the next chapter, and “‘ female 
foundations ’’ are that of the following one. The basis of 
living, as relying on hormone influence, is then discussed, and 
‘‘ the great triumph,’’ i.e., the work on insulin and control of 
diabetes follows. ‘‘Endocrinology and _ psychology,” 
‘ retrospect and prospect ’’ conclude the volume. 


The History of Duncan, Flockhart & Co. Commemorating the 
centuries of ether and chloroform. 


The beautifully produced and illustrated monograph issued 
by Duncan, Flockhart & Co. can only add to the already high 
reputation of that firm. Mr. Baker, the senior partner of the 
firm, in his introduction tells how for many years the company 
has wished to place on permanent record the history of the 
man who, 150 years ago, began a career which induced him 
to found this company and associated him closely with two 
of the most important chemicals used in medicine, ether and 
chloroform. The parts are described which were played by 
John Duncan and his partner, William Flockhart, in estab- 
lishing the firm and in producing the chloroform which Sir 
James Young Simpson introduced into medicine in 1847. 





GLASGOW AND WEST OF SCOTLAND 
SOCIETY OF ANASTHETISTS 


The syllabus of the above Society for 1947-48 is as follows: 


1947. 
October 15—‘‘ Curare,’’ Dr. A. C. Forrester, Dr. R. G. 


Grieve, at Royal Infirmary. 


November 18—‘‘ Premedication,’’ Dr. B. P. Bannatyne; 
‘* Post-operative Pulmonary Complications,’’ Dr. J. C. 
Eason, at Western Infirmary. 


1948. 
January 15—‘‘ Anesthesia in Thoracic Surgery,’’ Dr. H. H. 


Pinkerton, at Royal Hospital for Sick Children. 


February 18—“‘ Bleeding in Relation to Anesthesia,’ Dr. 
John Gillies (Director of Anzsthetics, Royal Infirmary, 
Edinburgh), at Royal Faculty of Physicians and 
Surgeons, 242 St. Vincent Street, C.2. 


March 16—Presidential Address, Dr. 1. M. Campbell Dewar, 
at Victoria Infirmary. 


The meetings are held at 8.15 p.m.; tea is served from 
7.45-8.15 p.m. 








